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SUMMARY 

Flight tests were made of six noninst&nted rocketpowered 
"TIII-C~~" models of AAF Project m-800. Velocity and drag data were 
obtained by use of CU Doppler radar. The existence of 8-bility and 
adequate structural  strength f o r  f l i gh t  near zero l f f t  w a s  checked by 
visual and photographic  observation. Drag data obtained during the 
tests agreed reaeonably w e l l  1~3th e s t b a t e s  based on experimental data 
f ram NACA RM-2 rocket-powered drag research models 

INTRODUCTION 

A t  the request of the Air Materiel Command, -4rm;y Air Forces, the 
B a t i d  Advisory CommitLee for Aeronautics ha8 made f l i & t  tests of 
six rocketpowered models of AAF Project MX-800 at tbe ~ i l o t l e s s  Air- 
c ra f t  Research Test Station at Wallops Island, Va. The purpose of the 
tes ts  was to deternrine the over-all drag of the MX-800. configuration 
and t o  provide a qualitative check of .the aemQmmic stability and. 
structural strength of the models. This report presents the results 
of the fU&t t e s t s  of the MX-800 modele. The t e s t s  were made during 
the period August 1, 1947 to August 7, 1947. 

SYMBOIS 

M Mach number (V/c) 

v f l ight   veloci ty ,   feet  per second 

C speed of ~ound ,  f ee t  per second 

W w e i g h t  of model, pounds 
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a resultant  acceleration along f l i & t  path, feet  per second 
per second 

g acceleration of gravity,   feet  per second per aecond 

S wing area, square f ee t  (kcw f o r  wing 2-4, fig. 1) 

S t  tail m a ,  square feet   (btct  f o r  tail 6-8, flg. 1) 

% total wing span, f ee t  

bt total true tail span, feet 

q,,r wing chord, f ee t  

c t  tail chord, fee t  

“p neutral point, center of ,gravity f o r  neutral  stability in 
trlmmed flight 

Y f l i & t - p a t h  angle, measured from horizuntel 

Flight 

! 

I -. 

The f l igh t   a r t ic les ,  referred t o  89 ”Tin-Can” models, w e r e  8Upplied 
by the M. W. Kellogg Company, Jersey City, N 3. D r a w i n g s  of the models 
are  presented  in figures 1 and 2. Photographs of the nose c q ~  to  body, 
wing t o  body, and tail t o  body junctures are shown in figure 3 The 
“Tin-Can” model consists of a cylincktcal stee1 body wit21 an ogive nose . 
and having crucifom wings and tails fabricated fram duralumin. The 
wings snd the two larger tails were symmetrical circular-arc  airfoil  
sections approximately 8-percent-chord  thick a t  the roo t .  The two 
smaller tails w e r e  similar except  that they w e r e  percent thick. As - 
shown by figure 2 ‘the wing-section thiclmess r a t i o  decreased as a function 
of a  circular  arc fram 3 point  3-percent s ~ a n  outboard of t h e  body to the 
t i p .  The ta i l -sect ion  thlcbess   ra t ios  decreased similarly from a point 
a t  about half the expsed spsn t o  the t i p .  
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N4CA RM No. L7KO7a - 
The mdels were painted with the following  color scheme : 

Body - .International Orange 

W i n g & ,  Tails, Nose Cap - Green 
t o  provide  contrast wit21 the blue sky f o r  talking 1 6 a u i m e t e r  color 
pictures of the f l igh ts .  . 

The steel body serves as the rocket-motor  case and the propellant 
consists of a @-Inch length of the 6-fnchdiameter "Deacon" grain 
developed by the Allegany Ballistics Laboratory of m e  Hercules Powder 
Compmy. Static f i r i ng  teat8  of the rocket mtor showed an average 
thrust of 4865 pmnds f o r  a burning t+ of 2.69 seconds. ~eta.11~3 of 
Lhe rocket-motor nozzle are sham In figure 4 and thrust-tims data 
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obtairied from a static firFng conducted-by 
Laborstory are presented in  figure 5 .  

W i n d  Tunnel 

Wind-tunnel'mcdels of ~e ~ x - 8 0 3  were  
Lmgleg Laboratory t o  be used in  obtaining 

i- 

1 

V 

the Allegany Ballistics 

d e s i p d  and built  at the 
low-speed s t ab i l i t y  data 

required  for planning the flight tes ts .  These maels  were b c d e  
woaden replicas of the "Tin-Can" models and were so made tha t  inter- 
chengesble par ts  could  be assenibled to  form the following  configurations: 

4 

Body alone 
Body + Wing 
Body + Wing + T a i l  no. 2 
Body + Wing + T a i l  no. 4 

The trrnnel is a 40-inch-dfameter  closed test section  instailed 
when needed in the  air-supply  ducting of the Langley induction  aero- 
dyhamics laborstory. The test velocity used for   the MX-b3 models w a s  
93 feet   per  second an& the tes t  Reynolds'nlrmber wa8 about 183,000 based 
on the : .73-inch wing chord of the &-scale m0delS. 4 

The model was supported in  the tunnel free to  t r f m  &out  various 
center-of-gravity  locations, and the  neutral point was determined es the 
center of greevity behind which the model would not weathercock into the 
wind. A photograph of the model mounted fn -the t e s t  section is shown in 
figure 6. The neutral  points  obtained  in these t e s t s  are shown in  
figure 7 plottsd against a tai l-effectivenees  factor which is approximately 
praportional t o  the amount of stabil i ty  contributed by the tail. 
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The f l igh t - tes t  program f o r  the "Tin-Can" models waa so arranged 
that the deeired confiwration (TI w i t h  take-off c.g. a t  0.74 M.A.C., 
f i g .  1) was approached f m configurations  that the low-speed wind- 
tunnel tests indicated t o  be more stable. 
t h e  order of f i r i ng  : 

T ~~ ~ 

>enter of 
pav i ty  at 
take -off 
(percent 
M.A.C .) 

&-epeedl Center OS 
etatic gravity at  
=&in r-f = 1 

(percent  (percent 
M . A . C . )  M . A . C . )  

Flight 
number 

T a i l  

1 

2 

3 

4 

5 

6 

15 .o 

26.9 

28 .c 

29.8 

48.7 

68 .c 

122 .c 30.4 

39 *9 

40.5 

42.1 

57 .e 

73 09 
" 

& .l 

73 =c 

53 -7 

34.8 
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Launching 

The  model^ were ground-lmnched without boosters at an elevation 
* aneJe of &lo f'rm a short  guide-rail  launcher. (See fig. 8.1 Photo- 

graphic  observation pf the launching& and fLfghta was macle wLth the 
follcrwing cemeras: 

b 
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( a) Fixed K-24 eer ia l  cameras f ocuaed on launcher (black end white) 

f b )  Fixed  35-millimeter  motionpicture. camera focused on launcher 
(black end white) 

( c )  16-mi11imeter motion-picture cameras m u a l l y  tracked t o  cover 
f l i g h t  ( color) 

Instrumentation and Data 

The primary  instrumentation f o r  the  f l ight  t e s t s  wae R CGI Doppler 
velocimeter radar unit. This redar uni t  provides velocity-time data 
that are accurate enough t o  allm different ia t ion  for  drag computations. 
(See references 1 to 3. ) Radiosonde observations made at the time of 
f i r l ng  provlded  temperature and etat icpressure eta f o r  use in converting 
the Doppler velocity and deceleration data obtained dur ing  the coasting 
period of f l i g h t  t o  M6ch number and drag coefficient. The conversion fm 
deceleration to drag coefficient w a s  accomplished by mat18 of the 
f ollarlng formula : 

! 
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where W i s  the weight of the model when the propel lent   ia  expended. The 
value of W includee the basic model weight, the propellant  restrictor 
weight, and the stml core of the igniter. The flightpath =@.e .Y was 
detelmined from en SCR-584 radar record of the  f l ight  path of model number 5, 
flightpath computations, and take-off  picture8 obtained Kith the fixed 
35-millimeter motion-picture camera. Failure to obtain SCE-384 records fbr 
all flights  introduces an uncertainty  in  the  value of y and thus m uncer- 
tainty  in  the  values of CD f o r  all models except number 5 .  This uncertainty 
is of the order of L1G percent of the w e i g h t ,  or  expressed i n  terms of CD: 

2 0  .OO?? at M = 1 .O 

Da& presenf;ed in  reference 4 indicate thet errors  inherezlt i n  the tech- 
nique should provide errors in  drag coefficient  not  =eater then the fol-  
lowing : 

I 
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r" I I I CD . I Mach number Nmiber of models of I each configuration 

+o .cog 

1 1.4 * .003 
1 1 .o 

+- .004 1 .o 

k .om 1.4 I 2 

2 

Approximate rolling-velocity data were obta.ined by counting  quarter- 
mvolutions of the models from the tim8d 16-millimeter color motion 
pictures  taken with manually tracked csineras during the fli&ts. 

The drag data are presented i n  figure 9 The drag values f o r  the 
varlous models are l i e ted  as follows in  order of decreasing d n g :  the 
large tall, the intemsdiate-area tail of high aspect ra t io ,  the 
intermediate-area tail of low aspect  ratio, and the small tail. ~igure g 
also  presents a comparison between the measured velues of % and those 
estimated from references 1 t o  3 .  Reasonable  agreement exists  despite 
the differences -.the genera am~othnees of the MX-~OO models (fig.  3 )  
and the NACA R4-2 drag-reeearch models of references l t o  3 .  

Ln using the drag data of this report  f o r  design  purpose^, t h e  
base d r a g  which we8 not meaeured in the prerrent tes ts  should be considerPd. 
Base-pressure data f o r  a body similar to the MX-800 are presented, ha-- 
ever , in reference 5 .  

Stabi l l ty  and Trlm 

The ex5stence of adequate s t ab i l i t y  for all the configurations 
flown was evfdenced by motion pictures and observers'  reports, which 
shared that the models flew in relatively straight szcooth paths. The 
minimum s ta t fc  mergin of stability was &out 26 percent. of the m9n eem- 
dynamic chord based on the luw-speed tunnel t e s t s .  (See fi5. 7 and section 
ent i t led "FLIGHT TESTS ." ) The design  configuration,tail number 1 , which 
has 71. percent of the wing are& and 104 percent of the wing aspect  ratio, 
had 'a minim sta t i c  &gin of about 27 percent of the m e a  eerodynemic 
Chord 

The models w e r e  evidently trimmed lmgltudinally and directiorzelly 
for zero l i f t ,  since during the r o l l  which developed i n  each of t he  fliats, 
the model appeared to roll about its longitudfnal mi a rather thgn 
describing a helical  path. 

.- 
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Approximate roll data obtafnsd fkan the l&mfllimetsr color motion 
pfctures of the  flights  indicated the average he- aagles generated by 
the wing t i p s  t o  be between 0.60 left  and 0.5* right.. The construction 
tolerances given by the KeUogg Clnnpaqy for the difference in angular 
settings of opposite' wing and tail panels were 0 . 5 0 ~ -  Inspection of 
data supplied by the K e l l o g a  Cniapaqy ahawed that  although two of the I 

24 pairs of eurfaces exceeded the tolerances slightly, the average differ- 
ences were COn6ider8bly leas than the rates of roll indicated i n  the tests. 
%e rates of roll developed were mall ea@, however, t o  indicate that 
the stated  tolerances were satisfactory and that  the wing and tail surfaces I 

were operating at very nearly z e r o  l i f t  - 

! 

Rocket-Motor  Performance 

The rocket motors used i n  the "Tin-Can" models aze new end 88 yet 
relatively untried. Information w88 deeired, therefore, as to the 
quality and consistency of performance of these motmrs in o*r to Urn I 

more surety in estimEtions to be made of acceleration o r  maximum ve1oci-Q I 

in  planning any future flights. * .  

Sufficient data were not obtained durfng the first  2 o r  3 seconds aF 
f l i gh t  t o  permit accurate evaluaticme of the rocket-mutor performance. A 
etudy was made , however, of the motor performance in terms of -mum 
velocity reached by each model and these data are presented in table I ead 
figure 10. With the a88 tion of zero drag, 72.42 pound6 of propellant, 

of 14,500 lb-eec) one obtains the follawing relation between maximum 
velocity V and average weight W: 

M 

m and a constant thrust  o f T L 3  pounds for 3 .O s e c d  (total impulse 

mr?lst X Gravity X Time = v =  467,000 
' Weight W 

I 

The 
by : 

The 

I 

experiiental values shown i n  figme 10 ~ c a t t e r  about a cum8 defined i 

V =  413,000 
W 

difference between these-tKo curve8 is of the order of -tude I 

usually experienced and i s  due to the folloKing factors: 
- 

.(a)  Finite drq of model 

(b) Variations  in propellant welght 

( c )  Finite time required f o r  build-up and decrease of thrust a t  
beginning and end of burning 

( d )  lnconsistencg i n  rocketinoeor performance, due to  both 
propellant and nozzle construction. 



m e  f ac t  that the total difference between the two curves is of a n o m  
order of -tude and that  the ecatter Ls i n  ths direction  indicated 
by items (a) and (b)  above (see k b l e  I and fig. 10) indicates tha t  
l i t t l e  inconsistency  existed i n  the performance of the e i x  rocbt motors 
used 0 

! 

Structures 
I 

The structural   integrity of the mdels for fU@t near zero l i f t  
was evidenced by the absence of etructural   failure during the f l i@te .  

. .  

Successful  flfghta of six "Tin-Can" models of the MX-800 indicatad 
these models to be stable longitutunally and directionallg 183th the t&e- 
off  center of gravity a t  0.74 ne8n aerodynamic chord and with a tail 
having 71 percent of the wing area and 104 percent of the  wing aspect 
r a t i o .  That the models were  structurally sound f o r  flight near zero lift 
w a s  evidenced by the abwnce of failures during the flights. Drag data 
obtained i n  the tests agreed reasonably w e l l  with estimates based on 
ezperimental data from NACA €04-2 rocketpawered drag reeearch models. 

I 
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Aeronautical Englnesr 

Aeronautical Engineer 

' Robert -Ro Gihth 
Chief of Pilotless-Aircraft Research Mvision 
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Dimens ions, inches 
Sudace S c B T R, 

Wng H.88 J4.88 t.0 j.2 3.3 
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(a)  Nose-body juncture. 

(b) Wing -body juncture. 

(c> Tail-body juncture. 

! 

c Figure.3.- Detail photographs of parts of the MX-800 CcTin-Can'' 

_I 
rocket-powered models. 
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(a) Side view. 
i Figure 8.- Launching of MX-800 ccTin-Can'' models. 
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(b) Three quarter rear view. 

1 Figure 8.- Concluded. 
MTKINIL ADVISORY COUMlTTLL FOR AERONAUTICS 
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